Abstract: Performance measurement systems have gotten remarking development since the 1980s. It is also experiencing a step from classical PMSs to a broad diversification of PMSs. However, it seems that the practices in industries are not following the rapid academic rhythm. This paper presents a survey of performance measurement models and frameworks and analyses how these research results are implemented, or not, into software tools available on the market. It thus pointed out the gap between academic research results and supporting tools in the domain of the performance measurement management of engineering projects.
INTRODUCTION
Having a relevant performance measurement system in a company has become crucial since the 1980s so that, from that time, research has been developed on several PMS models.
For the Classical Performance Measurement Systems (CPMSs), some common features like "balanced", "integrated" and "strategy-relevance" arose; a set of methods was quickly adopted in the industry (Bititci, Trevor and Begemann, 2000; Yadav, Sagar and Sagar, 2013) , like Performance Pyramid System (Lynch and Cross 1991) or the Balanced Scorecard Norton 1992, 1996) . The latter became very popular because it considered both financial and non-financial measures (Choong, 2013; CIMA, 2009) .
Concurrently, with the advanced information technology, supporting software tools for performance measurement appeared on the market; many software suppliers sold their products asserting that they help companies evaluating the effective performance of their management. However a survey we made on theoretical proposals in research on the one side, compared to available tools on the market on the other side, revealed that a wide gap existed between the techniques supported by those tools and the performance measurement models and frameworks elaborated by researchers. Hence the objectives of this paper are:
− present this survey that analyses both academic researches and supporting software tools in the domain of performance measurement management, − Make a cross-case analysis of the "fitting rates" between "features" that the academic research is presenting and "features" that software vendors are delivering.
Section 2 reviews the literature on performance measurement models and frameworks. Section 3 presents the survey on software supporting tools. Section 4 makes a cross-case analysis between academic research and IT software functions.
LITERATURE REVIEW ON PERFORMANCE MEASUREMENT MANAGEMENT
Performance measurement has its long history that dates back to the early nineteenth century. In its recent history, we identify two important periods, 1989-2001 and 2002-present when 1989 corresponds to the birth of integrated Performance Measurement Matrix (Keegan et al. 1989 ) and 2002 to a broad diversification of PMSs.
Performance measurement systems (1989-2001): a turnover-addressing the balance between financial and non-financial measures
Since the late 1980's, performance measurement has experienced a great turnover. The main stake was addressing the need for a balance between financial and non-financial measures (Giannopoulos, 2013; Edson et al. 2013) . Developing a better integrated and more relevant strategy oriented and dynamic performance measurement systems became a recurrent goal in the field. In this period, most of the results are model bound and are presented as comprehensive performance measurement systems (PMSs). Among the most successful ones, this paper analyses and compares 6 classical PMSs: Performance Measurement Matrix (Keegan et al. 1989) , Performance Pyramid System (Lynch and Cross 1991) , Result and Determinants Framework (Fitzgerald et al. 1991; Fitzgerald and Moon 1996) , Balanced Scorecard Norton 1992, 1996) , Dynamic Performance Measurement System (Bititci, Trevor and Begemann, 2000) and Performance Prism (Neely et al. 2001) . The perspectives and the characteristics of these PMSs are summarized in table 1. (see table 2 ), and some general characteristics can be found:
1) Multi-crossed disciplines. Many methods and theories of other disciplines are brought to extend the performance measurement and management.
2) Toward case-analysis. Researchers present their PMSs by a more empirical analysis with the combination of quantitative and qualitative methods.
3) Extend and go beyond the traditional BSC framework. Traditional BSC model has presented some shortcomings when implemented in enterprise environment during a decade, some researchers emphasized to extend and go beyond the BSC approaches.
4) Collaborate between academic and practice for "knowledge transfer". Researchers owning management consulting enterprises have proposed their concepts of performance measurement and concurrently developed a supporting performance software with case company for completing it (Busi and Strandhagen, 2004) ; however, there are others who haven't designed their software in their researches, shifting the challenge from designing an expensive intra-software to buying a commoditized, high quality and inexpensive model from software vendors (Meekings, Povey and Neely, 2009 ). A framework for supply chain performance measurement: Gunasekaran, Patel and Mc Gaughey (2004) It considers the four major supply chain activities: plan, source, make/assemble, and deliver); every activity consists of metrics classified at strategic, tactical and operational. Green supply chain management on performance:
Green Jr et al. (2012) A comprehensive GSCM practices performance model is proposed and empirically assessed; PMSs in SMEs Key contingency factors for PMS in SMEs: Garengo and Bititci (2007) Corporate governance structure, advanced information practices, a change in a firm's business model and an authoritative management style are four key contingency factors for PMS in SMEs. Quantitative Models for PMSs (QMPMSs)
Performance improvement based on a Choquet integral aggregation: Berrah, Mauris and Montmain (2008) It designed a method for quantifying the causal relationship between the various criteria based on a Choquet integral aggregation operator.
IT-PMS implementation
Monitoring extended enterprise operations using KPIs and a performance dashboard: Busi and Strandhagen ( 2004 ) It combined the concepts of KPIs, dashboards, and ICT to support extended enterprise performance management self-developed software. Performance plumbing: Meekings, Povey and Neely ( 2009 ) It includes 4 key elements-performance architecture, performance insights; performance focus and performance action with Suggesting Commodity software for supporting the implementation of performance measurement framework.
SUPPORTING SOFTWARE TOOLS SURVEY
According to the Balanced Scorecard Institute (BSI), there are over a hundred balanced scorecard and/or performance management automation development companies (BSI, 2015) . Several options have no dedications and develop ITPMSs with general utilization. Some of the options are dedicated to performance management for certain departments or industries. Others develop specifically tools which are primarily designed for specific engineering, for example, systems engineering.
We have thus chosen to distinguish several criteria in our survey: PMS with general utilization", "Dedicated to specific management" (such as project management, asset management; supply chain performance management), "dedicated to specific Engineering" (for example Systems Engineering). Getting through hundreds of software vendors websites, we have selected 6 software vendors for "PMS with general utilization", 4 for "dedicated to specific management", and 3 for "dedicated to specific Engineering" which have common characteristics of popularity and professionalization for software development. Software and systems project management dashboards;
"Custom"--Help define KPIs; "technical debt"-optimize the quality of software development; "acceptance"-secure and rationalize acceptance processes; "automotive"-manage embedded systems projects; Systems engineering-manage the performance of systems engineering projects. Ajera /Deltek/ Project managers and Accountants Ajera dashboards (no alert function) role-based: For a principal-improve profit margins; For department manager-improve visibility and decision making; For project manager-manage client relationships; For controller-increase department efficiency. arKItect /Knowledge Inside/ Systems engineer A graphic editor 2 products: SEA and Designer. SEA offers an easy-to-use environment for modeling multi-disciplinary systems and specifications and work products; ArKItect Designer can customize the tool according to customer own needs.
With the diversification of functions in tools, we felt concerned by the question "whether the performance of them delivered the same values resulting of academic research of performance measurement?". In the following section, we do a cross-case analysis to answer it.
CROSS-CASES ANALYSIS BETWEEN ACADEMIC RESEARCH AND ITS SOFTWARE FUNCTIONS
For doing the cross-case analysis, we chose 13 software vendors classified as "PMS with general utilization", "Dedicated to specific management", and "dedicated to specific Engineering" as analysis objectives in the vertical columns (see table 3 ). As for the characteristics of academic researches, we have chosen respectively some common and specific characteristics from the two different periods of performance measurement models and frameworks as analysis indicators to measure the fitting between academic and practice. In the period of Classical Performance Measurement Systems (1989 Systems ( -2002 , there are some common focuses including balanced, integrated, strategy-relevance, and multi-perspectives; concurrently the characteristics of dynamic and stakeholder-focus are specifically referred in certain researches (Bititci, Trevor and Begemann, 2000; Neely et al. 2001 ) (see table 1 ). In the second generation of PM models and frameworks (2002-present), we have chosen 6 main different development directions with an important common characteristic of "KPIs-based" and a meaningful characteristic of "connected to multiple data sources" as analysis indicators (see table 2 ).
(1) Fitting rate analysis
With the fitting process completed in table 4, we find that academic results of performance measurement models and frameworks have gotten different focus in the practices of IT supporting software development. Some characteristics commonly stressed in academic like "balanced", "strategy relevant" and "integrated" are not receiving the attention of software vendors; inversely some not well-referred concepts like "connected to multiple data sources" and "visualization" have received 100% stress in the sample software tools. It seems that software development has advanced a little more in some aspects than academic research. See table 5. (2) Unbalanced analysis among performance measurement models and frameworks Firstly, for several classical PMSs, only the Balanced scorecard has been used across the world, whereas many other frameworks have tended only to have regional appeal, many vendors developed their software tools for supporting enterprise performance measurement with consideration of famous scorecard, but ignoring the advantages of other PMSs; as a result, developed software tools based on balanced scorecard exposed some disadvantages because of Table 4 the mapping of the academic research on performance measurement and supporting software tools the weakness of the scorecard-which is conceptualized as a tool for controlling for senior managers and not as an improvement tool for factory operation levels and for example, and inadequate instructions on how proper measures can be identified and initiated, and lacking a competitor perspective Secondly, "Performance measures must be derived from strategy" dominated the direction of relevant software development; however the PRISM proposed by some scholars (Neely et al. 2001) , has denied the traditional opinion that measures should be derived from strategy, instead, he thought that the starting point should be "who are the stakeholders and do they want and need?"; but his proposal has not been followed by main software vendors. Similarly, DPMS model (Bititci, Trevor and Begemann, 2000) has identified that current knowledge and techniques are sufficiently mature to create the DPMS, however, no software vendors who are trying this idea.
Thirdly, the classical PMS-Balanced Scorecard Norton 1992, 1996) , provoked to minimize information overload by limiting the number of measures used. It keeps adding new measures whenever an employee or a consultant makes a good suggestion, force managers to focus on the handful of measures that are most critical; however, in the market of SCORECARD, the vendors and developers did not focus the critical measures, even though they proposed to use KPIs, but which seemingly are disparate and larger elements.
CONCLUSION
Is there an opportunity to change our academic language to make it more aligned with that of the industry? Is it an issue that software vendors evolve to integrate advances in research? The way how researchers communicate scientific results to those who could benefit from applying them is considerably important. In the domain of performance measurement for enterprise management, it seems that the software vendors are playing the roles of transferring scientific results into industrial department; they contribute to advance the applicable development of performance measurement theories. However, from our analysis results, it's obvious that the software vendors are not delivering completely true values of academic researches into industries with segmentary and limited understanding about the theoretical results. It is necessary to reconsider the construction of communication mechanism between academic and practitioners. Some issues can be considered in further: 1) the "black box" exists in the relationship between the software vendors and scholars; for more part, the researchers don't develop their frameworks into software tools, and when the software vendors try to develop some supporting software tools, have they really considered all important aspects from scientific results? 2) Communication mechanism among companies, vendors, and scholars: in this tri-roles relationship, the vendors play an important role in promoting the transfer of scientific results; in this paper, even though the fitting between enterprises and vendors, enterprises and scholars are not considered, it is very important to do a further survey about it. 
